Based on these recent import increases, the
graphical analysis. In this example, the hogs) equals total slaughter when imports are analysis is partial in that it considers only the zero, and thus slaughter from U.S. produced effects on producers and consumers, it conhogs is determined in panel (a). siders only the impacts on the U.S., and it con-W When net live hog imports (panel [b] ) are siders only a single commodity. Schmitz pro-duced supply added to the domestically produced supply vides a long list of trade studies related to s , te t h s schedule, the total hog slaughter schedule agriculture based on this type of partial equi-(panel c]) rotates to the right to librium analysis. In those studies, as here, the Kndleberer pp. 32-324) suggests the suggests that the supply and demand equations were estimated exporting country will supply elasticity of the exporting country will econometrically.
Figurmet 1 illusrae be higher than that of the importing country. Figure 1 illustrates the effects on the U.S. figure I illutrteteffetsHeller notes that a large country (in terms of pork sector of imports at both the farm and reeer es hat a lagehan-p erfectly-elastic trade) faces a less-than-perfectly-elastic tail level. Diagramming the effects of these t f foreign supply curve. This is reflected in panel trade flows is a bit complicated because both frn sppy curve. s refected in an live hos and ork rodts a imorted (b) where the percentage change in quantity is live hogs and pork products are imported. AS a result, bh p r b o ad higher than in panel (a) for a given percentage a result, both producer behavior and procn n th in ection of cur> (rTchange in price. Because the intersection of essor (packer) behavior are affected. Ignore derived demand and live hog supply occurs at initially any imports (i.e., consider only the lowrf n n anel) supp a lower farm price in panel (c), the pork supply heavy solid supply and demand relationshipse al o s . . r..........
.. rschedule to the retail market from hogs in panels [a] , [c] , [d] , and [f]). Equilibrium retail sluhe the hift to slaughtered in the U.S. shifts to the right, price and disappearance would be found at the t t ih panel (d) . Added to that is the import supply intersection of total marketing group (packer) pne ( ) of ork ro supply (S t) to the market and consumer deschedule (S) ofpo produs,panel (e), nd in panel (f). In the absence of im-^ .which generates the total supply of pork, Spt, mand ( away from imported pork. Thus, the addiimports begins to cause changes in individual tional pork on the market can only be sold at a behavior in an industry of non-homogeneous lower price (where Spt intersects Dr). After participants. Consequently, producers of the some initial adjustment, this lower retail price product (in the case of U.S. hog producerscauses packers to shift their long-run derived 432,000 operators [USDA)], which are far demand for live hogs (domestic and imported) fewer in number than consumers of the prodto the left (to DA in panel [c] ). 2 Derived demand uct, are more likely to organize to obtain conand total live hog supply intersect at a lower trols restricting imports than consumers farm price, Pf. Panel (a) indicates domestic would be to fight them. The legal action being live hog slaughter is lower due to the import pursued by the National Pork Producers effects. Total slaughter, panel (c) , is also lower Council is evidence of such a situation. reflecting the dominating impact of the larger pork product imports relative to live hog AN ECONOMETRIC MODEL OF imports.
THE HOG-PORK INDUSTRY As a result of increased pork imports,
In order to quantify the recent and expected domestic hog production and farm prices fall changes in live hog and pork product import in the long run. Retail price is lower and per levels on the U.S. pork industry, an econocapita consumption is higher. Changes in conmetric model of the pork sector is employed. sumer expenditures on pork will depend on This is part of a larger model of the major U.S. the elasticity of the demand schedule; howcrop and livestock commodities, developed ever, expenditures would fall if the demand and maintained at the University of Missouri. for pork is inelastic. As adjustments occur in
The advantage of using a model of this type is the industry and as competing products affect that the analysis can trace the impacts of exdemand for and supply of pork, the equilibogenous shocks (such as expanded imports) on rium price-quantity relationships may change.
all endogenous variables not only on the comThe magnitude of these impacts depends on modity of interest, but also on related comthe respective supply and demand elasticities modities. In addition, feedback and substituat farm and retail levels as well as the effects tion effects from competing commodities (e.g., of product substitution from competing beef, chicken, turkey) become part of the sources.
analysis. From this conceptual design, measures Figure 2 depicts the product flow from the could be developed to examine the welfare imfarm through the processor to the retail level pacts on producers and consumers resulting and illustrates the price signals at the farm from this shift in pork supply. The literature and retail levels. Ten behavioral equations contains several theoretical and empirical ex-(see Appendix Table 1 ) and seven identities amples of welfare (i.e., consumer surplus and constitute the model of the U.S. hog-pork inproducer welfare) effects in the livestock industry which was estimated over the period dustry resulting from trade (Brandt et al., 1961 (Brandt et al., -1984 annual data. The model is 1986; Hayami; Freebairn and Rausser). Just patterned after those of Heien and Yanagida et al. provide alternative methods for investiand Conway. Other relevant econometric gating the impacts of trade on domestic bemodels of the U.S. pork industry are reviewed havior of producers and consumers. Figure 1 in Brandt et al. (1985b) . suggests that consumers gain through reFive behavioral equations model farm supduced price and increased consumption (and ply including sows farrowing (equation 1), pigs reduced expenditure if the demand for pork is added to the breeding herd (equation 2), in the inelastic region). Producers would redomestic barrow and gilt slaughter (equation duce the size of the breeding herd and produc-3), sow slaughter (equation 4), and boar tion in response to lower farm prices. Farm slaughter (equation 5). These reflect both revenues would drop.
long-run investment/disinvestment decisions The distribution of effects on producers, as well as short-run marketing (slaughter) packers, and/or consumers may be of vital decisions. concern particularly if the level of aggregate Pork production (equation 6) is largely de-'Live animals imported from Canada are virtually the same as those produced in the U.S., and, therefore, the products generated from these animals are expected to be of the same quality and composition. It might be argued that Danish hams are preferred to American hams, but research is unavailable to either support or refute this hypothesis. Any bias in the analysis that may result from this assumption is likely to be small. 2Derived demand for live hogs will shift to the left as the lower retail price changes the packer profitability situation.
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termined by slaughter levels. Processor values with forecasted values of the en-(derived) demand for slaughter animals (equadogenous variables for 1985 (outside the tion 7) reflects signals from the retail market period of estimation) in Table 1 suggests that as well as processor behavior (represented by considerably greater accuracy is achieved in fuel prices and by product value). The sow the slaughter and production variables than in price equation (equation 8) completes the bethe price variables. The over-prediction of havioral relationships in the slaughter and retail price in 1985 is a concern and suggests production sector. Retail (consumer) demand that declining pork demand has not been capfor pork (equation 9) and ending pork stocks tured completely by this equation specifica-(equation 10) represent the final behavioral retion. Additional descriptive and performance lationships in the market chain. Substitution evaluation information is documented in effects from competing commodities (beef and Brandt et al. (1985b) . Although comparable chicken) specifically enter the pork model in validation statistics for the chicken, egg, and the retail demand equation.
turkey models suggest that the hog-pork subBased on the F-and t-statistics and R 2 sector has been somewhat more difficult to results in Appendix Table 1 , the model apmodel over the last two decades (Brandt et al., pears to fit the data reasonably well. Only one 1985a; Salathe et al.) , the performance of the behavioral equation (ending pork stocks) had model in replicating actual behavior appears an R 2 of less than .80 and six were greater to be quite good. than .90. Model performance statistics based on a Gauss-Seidel simultaneous solution over a SIMULATION PROCEDURES recent validation period (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) are pre-
The econometric model was used to simulate sented in Table 1 . In all cases, mean percentthe impacts of alternative live hog and pork age errors were less than 4 percent. Retail product imports on the various components of prices had lower absolute and squared errors the domestic pork sector. The experiment was than the corresponding farm-level prices.
designed to examine both recent and current Also, prices tended to have higher errors than effects (1983) (1984) (1985) and longer-term impacts the corresponding quantities. Percentage root (1986) (1987) (1988) (1989) (1990) (1991) (1992) . This division of periods allows an mean squared errors were around 5 percent examination of what actually has occurred in except for barrow and gilt and retail prices the pork industry, particularly with respect to and sow slaughter. A comparison of actual the rapid rise in imports, and an anticipation tions were run using the econometric model. 1,00 Reduce live hogs 72%, 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 year Figure 3 . Live Hog and Pork Imports to the United States, 1970-1992 year.
scenario 
SIMULAlTION RESULTS
pound per person per year more. In total, con- Table 2 reflects the results of selected price, sumer expenditures were reduced by $275 quantity, and revenue variables of the alternamillion per year with the actual import path tive simulations. Column one illustrates the (relative to the expenditure path obtained useffects of pork imports over the recent shorting 1979-1982 average imports). dReflects projected Scenario I imports minus Scenario IV imports which are trended upward at rate of 2.2 percent per year from 1986-1992 (4.9 percent per year increase in products and 6.8 percent per year reduction in live hogs).
30ver the three year period 1983-1985, the model solution from the simulation using actual import levels had average errors of 2.70 percent for barrow and gilt price, .74 percent for slaughter, and .12 percent for per capita consumption relative to observed levels, an indication of relatively good model performance.
Over the 1983-1985 period, imports (live and an extension of the 1985 import level) relative product) actually averaged about 520 million to the reduced import option (Scenario II per hundredweight per 100 million pound imWhile this analysis does not explicitly deal port increase) is less than one-half the shortwith the Canadian import issue, live and prodterm effect ($-.43). However, producers have uct imports from Canada during the a longer period to adjust production and that 1983-1985 years averaged about 550 million reduction is greater (437 thousand fewer head pounds (carcass weight). Thus, the short-term slaughtered per 100 million pound import inimpact of Canadian imports over this period is crease in the longer period compared to 214 estimated to reduce prices by about $2.35 per thousand fewer head in the shorter period). hundredweight. This would only represent This result supports the short-term asset fixthe price effect and would not include addiity hypothesis and the need for longer-term tional losses to U.S. producers associated with analysis in order to observe the impacts of reduced production as part of the adjustment delayed adjustment. process. The scenario using actual [1983] [1984] [1985] Column three compares the baseline simulaimports indicated domestic production was 2 tion with a scenario that cuts live hog imports percent lower compared to the results of the to 28 percent of the 1985 level and product imscenario using 1979-1982 average import ports to 88 percent of their current level. 4 levels. Rowsell and Kenyon provide additional Barrow and gilt prices would average $.60 per detail regarding the causes and price impacts hundredweight less per year (due to greater on the U.S. hog industry due to Canadian imsupply from the higher import levels assoports. Their result suggests a $2-4 per hunciated with the baseline scenario). Slaughter dredweight reduction in the U.S. sevenwould be 1.2 million head per year less. Retail market price level in 1983 and 1984, consistent prices would be about $.02 per pound lower with the level suggested here.
and per capita consumption under the baseline Over the longer term, the pork industry would be about .2 pounds higher than the would be expected to adjust to anticipated imscenario based on the rate of imports during port policies. A comparison of a restrictive imthe first six months of 1986. Producers would port policy (Scenario II) which reduces imreceive $310 million less per year in revenues ports to about 50 percent of the 1985 level under baseline simulation; consumers would with a policy which allows imports to continue spend $122 million less per year. at the 1985 level (Scenario I) is reflected in col-A closer look at numbers in columns two and umn two of Table 2 . If the 1985 import levels three and the import paths in Figure 3 illuwere to continue through 1992 (baseline), barstrates the importance of pork products relarow and gilt prices would annually average tive to live hog imports. Imports of pork prod-$1.13 per hundredweight lower than if imucts averaged almost 5.5 times the level of live ports were reduced by 50 percent. Slaughter hog imports (carcass weight basis) over the would be 2.9 million head lower per year. Pork 1983-1985 period. Thus a large reduction in supply would be higher, however, by about live hogs and only a small drop in product im-135 million pounds (or about one percent of the ports (column three) will not benefit the U.S. total supply) as domestic production would fall pork industry nearly so much as moderate but by less than the difference in imports. As a equal percentage reductions in each area (colresult, consumers would purchase about oneumn two). U.S. producers would get about half pound per capita more pork. With lower $.55 per hundredweight more (on all hogs), slaughter and lower prices, farm receipts slaughter about 1.7 million more head per would average $650 million less annually year of domestically produced hogs, and reunder the Scenario I solution (associated with ceive about $340 million more revenue per 4In mid-1985, the ITC ruled that live hogs imported from Canada into the U.S. injured domestic producers of hogs and allowed countervailing duties to be assessed against those animals. However, the ITC denied import duties on Canadian pork sold in the U.S. Since that ruling, imports (particularly live hogs) have fallen. This scenario reflects a recognition of anticipated lower imports by extending the rate of imports during January through June 1986 through the 1992 period. The scenario does not explicitly deal with the effect of Canadian imports on the U.S. industry, but it does illustrate the relatively lower impact of live hog import reductions (compared to only modest declines in product imports).
year under a 50 percent import (live and prodcreased levels of pork and live hog imports uct) reduction (Scenario II) relative to a 72 over the past several years. For the industry, percent live and 12 percent product import rethese losses are substantial, particularly given duction (Scenario III). These results illustrate the severe financial situation faced by many dramatically why U.S. pork producers have producers. Hog producers in the U.S. were continued to argue for product import reducestimated to have received about $600 million tions in spite of the ITC ruling which has efper year less in revenues over the 1983-1985 fectively reduced live hog importation from period due to expanded hog and pork imports Canada. Rowsell and Kenyon also concluded (relative to a scenario holding imports at the that restricting live hog importation from 1979-1982 average levels). This represents Canada will not prevent Canadian imports about six percent of aggregate producer revefrom depressing U.S. hog prices.
nue. Domestic slaughter would have been Finally, a fourth scenario was designed to higher by about 5.3 percent over the period examine the impacts of imports which were under the lower import scenario. A 100 million allowed to increase from 1986-1992 at a slow pound increase in imports was estimated to rate of growth (Figure 3) . If the ITC remains lower farm price by roughly $.43 per hundredfirm in its ruling regarding product importaweight. Consumers paid slightly lower prices tion, an increase in imports over the next from higher imports relative to what they several years is not unlikely if the value of the would have paid had import levels remained U.S. dollar remains strong relative to the at their 1979-1982 average. It must be recogCanadian dollar. Canada can produce and nized that possible structural changes in pork slaughter hogs domestically and then export demand not captured in the model speciproducts to the U.S. Scenario I would genfication may cause some overestimation of imerate $.36 per hundredweight higher prices port effects. than Scenario IV (increasing imports). U.S.
Four scenarios which examine the effects of producers would slaughter 500 thousand more alternative import paths on the U.S. pork inhead per year, generating an increase in dustry over a longer seven-year (1986-1992 ) revenue of $134 million per year. Consumers, horizon were developed. One which extends however, would pay one cent more per pound the observed 1985 import levels of live hog and consume about .1 pound per person less and pork products through 1992 was selected under the baseline (compared to these inas the basis for comparison. That baseline creased imports). Total consumer expenpath suggests substantially reduced U.S. proditures would be about $85 million more anducer prices, slaughter, and revenue relative nually due to reduced total pork supply. The to a scenario which lowered imports by 50 perimpacts of a modest growth trend (Scenario cent in 1986 and held them at that level IV) on producer revenues and consumer exthrough 1992. (Even this lower level is above penditures are considerably smaller than those any observed import figure prior to 1983.) of either Scenarios II or III relative to the Consumers benefit through lower prices and baseline (Scenario I).
reduced expenditures. The results suggest a The longer time period allows greater adshrinking domestic herd over the longer run justment to occur in the pork sector. Because with imports held at the 1985 level. While conof the biological lag in breeding, farrowing, sumers as individuals would not likely notice production, and slaughter, all effects from an these effects in terms of price or expendiexogenous shift would not be fully reflected in tures, the substantially fewer hog producers the endogenous variables in a three-year are far more likely to be affected individually. period. Indeed, during the 1983-1985 period, While this analysis does not attempt to prethe level of imports was increasing at a fast scrie import policy, it does quantify the efrate. Holding import levels constant (in all but fetse import ol oes n the the trend scenario) over a seven-year period fects of alternative import levels on the domestic pork sector and on consumers. may provide more accurate indications of the Restic pork import s p rotect the U.S. longer-term effects of the import changes.
Restrictions to pork imports protect the U.S. longer-term effects of the import changes.
industry leading to higher domestic producEven this time period, however, may be too industry leading to higher domestic producEven this time period, however, may be tooghermpis. Consumewould short to allow the industry to have reached on and er arm pces. Cs would~e quilibrium.~ ~ ~have to pay more and receive less as a result Cequilibi OCum.
of restrictive policies. Because of higher~C ONCLUSIONS ~ domestic farm prices, packers and processors The evidence suggests that producers of would also have higher purchasing costs pork in the U.S. have lost revenue due to inunder restricted imports relative to the lower-priced live hog and product imports under animals and processed product imports (in freer trade conditions. their case, beef) should be considered as difThe results illustrate that pork imports, ferentiated forms when their importation rewhether entering the U.S. as live hogs or as sults in injury to the domestic (Canadian) inprocessed products, eventually reduce U.S.
dustry. Their ruling undoubtedly will be used farm prices and domestic production because in the continuing litigation of the U.S. pork of increased supply. Although the ITC recimport issue. ently ruled that subsidized Canadian live hog Finally, the simulation results of the production would be subject to a tariff when analysis are affected by the nature of the entering the U.S., it differentiated between specified econometric model of the livestock live hogs and pork products. This analysis sugsector. They reflect expected effects and are gests that in terms of reduced revenues to subject to sampling errors. However, based U.S. producers, processed product imports on the performance of the model over the hishave a far greater effect than live hog imtorical period, the results appear to be reasonports. Interestingly, the Canadian governable and should be useful to policy makers conment currently is considering whether live sidering import restrictions. 
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